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Abstract 
The purpose of this work is to develop a simple and low cost microfluidic device with integrated microheaters on a 
thin flexible polymeric substrate, in order to perform DNA amplification on chip, at faster amplification rates due to 
the reduced thermal capacity and large heat transfer rate between the sample and the temperature-controlled heating 
zones. We fabricate a continuous-flow PCR microfluidic device, developed on a commercially available substrate 
(PyraluxTM) and we focus on the electrical and thermal characterization of the integrated microheaters. Each 
microheater defines one of the three temperature zones through which the DNA sample will be cycled for 25 times as 
it flows continuously through the microchannel. Electrical measurements confirm the functionality of the 
microheaters both as temperature sensors and thermal elements. Heat transfer and fluid dynamics computations are 
also performed to ascertain that the temperature of each microheater is almost identical to that in the microchannel 
crossing the corresponding thermal zone. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Flexible substrates find numerous applications in several fields of microtechnology. Recently the 
scientific interest has been focused towards the use of flexible materials in biosensors, fluidic 
interconnects, implantable medical devices, wearable electronics for biomedical applications etc [1, 2]. 
One basic bioanalytical process needed for most micro-total analysis systems is the polymerase chain 
reaction (PCR), an amplification technique for the exponential replication of DNA molecules based on 
the thermal cycling of the DNA sample through three temperature steps. After each cycle, the number of  
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the '1$FRSLHVFDQEHGRXEOHG0LQLDWXUL]HG3&5ȝ3&5SHUIRUPHGLQPLFURIOXLGLFGHYLFHVSURYLGHV
low reagent consumption and faster processing, while allowing the production of highly integrated 
devices. 
PCR microfluidic devices have been fabricated initially on silicon and glass and later on polymeric 
substrates such as PDMS, PMMA, and PI [3, 4], where metal blocks have been usually used as heaters. 
Our objective in this work is to fabricate a flow-through ȝPCR device with integrated microheaters on a 
thin flexible polymeric substrate (3\UDOX[) using printed circuit board (PCB)-compatible technology, in 
order to perform DNA amplification on chip at faster amplification rates and with reduced power 
consumption, due the large heat transfer rate between the sample and the temperature-controlled heating 
zones.  
2. Design and fabrication of the ȝPCR device 
7KHVHOHFWHGVXEVWUDWHPDWHULDOZDV3\UDOX[DGRXEOH-sided Cu-clad polyimide (PI). The thickness 
of PI is 100-ȝP-thick and the thickness of the Cu layer on both sides LVȝP2QWKH WRSVLGH of the 
substrate WKHPLFURIOXLGLFSDUWRI WKHGHYLFHZDV IRUPHGFRQVLVWLQJRIDȝPZLGHDQGȝPGHHS
meandering microchannel (Fig.1b) [4]. Via this channel, the DNA sample will flow successively through 
each thermal zone (denaturation @95oC ė annealing @60oC ė extension @72oC), completing 25 
subsequent thermal cycles thus resulting in the multiplication of DNA by a factor of 225. 
Each thermal zone is defined by an individual Cu resistive microheater, integrated on the bottom layer 
of our substrate (Fig 1b, bottom). The three heating resistors DUHDOOPHDQGHULQJȝPZLGHLQRUGHU
to obtain the maximum length, thus the maximum resistance possible [5]. 
A schematic of the process flow for the fabrication of the ȝPCR device can be seen in Fig. 1a. The 
micro-channels are defined by a standard photolithography procedure on the top copper side. After a wet 
etching of the patterned top Cu layer, the channels are etched in the PI by means of plasma etching, 
utilizing the previously patterned copper as a mask (Fig. 1b, top). In order for the copper to be etched, an 
aqueous solution of FeCl3 was used, resulting in an etch rate of 3 ȝm/min. Plasma etching of PI was 
performed in a high density plasma etcher (Alcatel MET). The conditions optimized for maximum etch 
rate (pressure of 1.33 Pa, substrate temperature of 1&22/SF6 ratio of 70%/30%, bias voltage of -100 
V, plasma power of 1900 W) UHVXOWHGLQDQHWFKUDWHRIDSSUR[LPDWHO\ȝPPLQ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: (a) Schematic of the fabrication process flow of the ȝPCR with integrated microheaters. (b) Part of the 
microchannel and the microheaters. 
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The heating resistors are formed on the bottom Cu layer also by standard photolithography (Fig. 1a) 
and wet Cu etching procedures. The advantage of choosing the specific double-sided Cu-clad substrate 
has become obvious; the copper layer on the top side is used as etch mask while on the bottom side as a 
structural material for the integrated heating resistors. Finally, the device is completed with lamination of 
the top side with a poly (dimethyl) siloxane (PDMS) pressure sensitive adhesive layer on polyolefin 
microplate cover so as to seal the micro-channels. The final chip size is about 8 x 6 cm2. 
3. Electrical and thermal characterization of the microheaters 
After the fabrication of the microheaters on the bottom side of the Pyralux substrate, electrical and 
thermal characterization of the microheaters was performed. First, the microheaters were tested for their 
functionality as thermal sensors. The three resistors were placed on a hot plate and their resistance was 
measured for varying temperatures. In Fig. 2 we can see the resistance variation with temperature for each 
of the three resistors R1, R2, R3, corresponding to the three temperature zones (denaturation, extension, 
annealing, respectively). All resistors show a fairly linear behavior for the PCR temperature range, 
therefore can be utilized as thermal sensors, calculating the temperature from the resistance value 
measured. For this reason, the Temperature Coefficient of Resistance (TCR) had to be extracted from the 
slope of the obtained curves (Fig. 2b) for the temperature range of interest, through the relationship  
 
ǻR = R0TCR(T-T0)         (1) 
 
 
 
 
 
 
 
 
 
(a)     (b) 
Fig. 2: Electrical characterization of microheaters: (a) Resistance R vs temperature T for all three microheaters, (b) 
Results of resistance value RRT and resistance thermal coefficient TCR. 
 
Next, the three resistors were tested for their functionality as thermal elements, in order to 
appropriately heat the biological sample as it flows continuously through the microfluidic device. The 
three resistors were connected in series to a current source, injecting different current values. Knowing 
the resistance value of each resistor leads to the calculation of the corresponding temperature through the 
aforementioned equation. In Fig. 3, the electrical power required for each of the three resistors to reach 
the corresponding PCR temperatures is presented [7].  
 Finally, heat transfer and fluid dynamics computations are performed, in order to observe the heat 
transfer from the bottom of the PI substrate (resistor level) where the electrical power is applied to the top 
of the substrate (microchannel level) by conduction and to the ambient by convection. Using COMSOL, 
heat transfer was simulated in a single DNA amplification cycle of the ȝPCR device, for a given flow 
velocity. Computational results are presented in Fig. 3b and suggest that the temperature distribution on 
the resistance level is almost identical to the one in the middle channel level, due to the small distance 
between the microresistors and the microchannel (nearly 100 ȝm). More detailed simulation results can 
be found in a recent work [8].  
 
5HVLVWDQFHȍDW
25ȠC 
Average TCR  
î-4 ȠC-1) 
R1, RT = 20.9 ± 3.6 33.5 ± 0.5 
R2, RT = 20.4 ± 2.1 36.0 ± 5 
R3, RT = 17.9 ± 4.2 26 .0 ± 2 
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Fig. 3: (a) Resistor temperature (T) versus required electrical power (P). The power needed for each microheater to 
reach the three required PCR temperatures (T1, T2, T3) are indicated. (b) Temperature profile for one thermal cycle (a 
unit cell of the ȝPCR microfluidic channel) on the microheater plane (bottom side of substrate) compared to that on 
middle microchannel plane. (c) The unit cell of the ȝPCR microfluidic channel 
4. Conclusion 
In this work, the design and fabrication of a ȝPCR device with integrated microheaters, in a polymeric 
flexible PI substrate, was presented. The microheaters and the microchannels were formed by 
photolithography followed by Cu wet etching and plasma etching of PI, respectively. After the fabrication 
of the device, electrical and thermal characterization of the copper microresistors suggests that they can 
be used both as temperature sensors and thermal elements. Heat transfer simulation results revealed 
almost identical temperature profiles between the microresistors and the microchannels formed on the top 
of the corresponding thermal zone. The device is currently being tested with a biological sample for the 
evaluation of its performance in DNA amplification.  
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